Objective: To determine the perceived benefit, pattern of use and problems of the ICEROSS socket for upper limb prostheses.
Introduction
The arm and hand form the most functionally complex component of the body. It is the complexity of a structure able to undertake this role that makes prosthetic replacement so difficult (Mohider and Donald, 1971) . The prosthesis must be stable during use and whilst suspended on the remnant limb (Eyre, 1979) . Suspension of the lower limb prosthesis is only necessary during the swing phase of gait. In the arm, continuous suspension of the prosthesis is needed to overcome the effect of gravity (Heim et al, 1997) .
At the end of the 1980s a novel silicone suspension system was developed in the United States (silicone suction socket, or 3-S system) (Fillauer et al, 1989) and in Iceland (the Icelandic roll-on silicone socket, or ICEROSS system) (Cluitmans et al, 1994; Kristinsson, 1993) . The silicone sleeve is rolled onto the skin, excluding all air, and adhesion to the stump is achieved by friction and vacuum. The prosthesis is attached to the silicone socket by a shuttlelock or cord.
The silicone roll-on suspension system was initially developed for lower limbs, but scanty papers have reported its use in upper limb prostheses. Heim et al, (1997) provided a transradial patient with a silicone sleeve with shuttlelock suspension achieving superior comfort, increased freedom of movement and more frequent use of the prosthesis. Madigan and Fillauer (1990) described the design and development of a 3-S prosthesis for a child with upper limb absence. The improved suspension and proprioceptive feedback lead to increased activity. No study has examined the long-term follow-up of upper limb amputees provided with ICEROSS sockets and their views about these suspension systems.
One hundred and eighty six (186) trans-radial and 64 trans-humeral prosthetic limb wearers are currently registered at the authors' centre. Transhumeral patients are usually first offered a light weight endoskeletal dress arm comprising a conventional polyester laminate socket with strap suspension, a manual elbow lock and nonarticulating hand. When their stump is stronger, an exoskeletal limb with stronger elbow and interchangeable mechanical hand/split hook/foam hand is made. When the stump is a stable size and shape, a hybrid myoelectric limb may be considered. Trans-radial patients are usually first offered a conventional polyester laminate socket with either a non-articulating foam hand or an interchangeable mechanical hand/split hook/foam hand. When the stump is a stable size and shape, a myoelectric limb is usually offered as well. Patients were offered ICEROSS limbs if they were having trouble with suspension straps, restricted elbow movement or if they asked about alternatives when they were due to have a new socket made anyway.
Method
The sample population comprised all patients with upper limb amputation or congenital deficiency who had been provided with a new prosthesis with a silicone sleeve at the Disablement Services Centre in Cambridge between January 1995 and December 1999. Before small silicone sleeves became available commercially, 5 patients were provided with a custom-made silicone sleeve which was manufactured by pouring a laminate in silicone. Subsequently, 15 amputees were provided with an off the shelf ICEROSS sleeve. A standard laminate socket with shuttle lock was used. The laminate socket for ICEROSS suspension has a shuttle lock, but is otherwise identical to the standard trans-humeral socket although slightly shorter than the trans-radial socket proximally because of the exclusion of the supra-condylar extension. This may allow a greater range of elbow movements. All patients had had extensive experience with conventional types of prostheses before trying the ICEROSS socket.
Demographic details and diagnosis were obtained from the patients' clinical notes. Patients were invited to complete a questionnaire (Appendix), either at the clinic or by post.
The study was approved by the local ethics committee.
Results
Out of 20 amputees who had been provided with ICEROSS sockets, all 18 who could be contacted completed questionnaires.
General characteristics
Their age ranged from 17 to 82. Fifteen (15) were male. Ten (10) wore trans-radial prostheses only, 7 wore trans-humeral prostheses only and 1 had left trans-humeral and right trans-radial prostheses. This bilateral amputee tried an ICEROSS socket for her trans-radial prosthesis only. Two (2) patients had congenital absence, 14 had amputations for trauma, 1 for malignancy and 1 for osteomyelitis.
Prostheses
Eight (8) patients wore their ICEROSS limb daily, 3 of whom also used another limb with a different socket. Five (5) ICEROSS users had cosmetic hands and 3 had splithooks. Nine subjects stopped using ICEROSS sockets but continued using other prostheses and one amputee was not using any prosthesis at all (Tablel). The time these subjects used the ICEROSS system before rejecting it ranged from a few weeks for severe skin problems to 18 months for amputees switching to myoelectric prosthesis. Current users had worn their ICEROSS systems for between 12 and 54 months (mean 32 months). Problems with ICEROSS sockets Three (3) amputees were unable to put their ICEROSS prosthesis on independently. One (1) trans-humeral patient continues to use it, with her mother's help, the bilateral user reverted to conventional socket with straps and a myoelectric limb in both stumps, and another trans-humeral patient reverted to a conventional limb because this was more comfortable and easier to put on. Nine amputees reported skin problems (50%). These improved in a few weeks in 3 cases with continued Iceross use and the other 6 amputees had persistent skin problems leading to rejection of the prosthesis.
Fourteen (14) patients reported phantom pain. In 4 patients this was worse with the ICEROSS socket, but 2 of them continue to use it despite this because of improved suspension or range of elbow movement. Phantom pain was improved in 1 patient with the ICEROSS socket. One (1) patient with a trans-radial amputation complained that the prosthesis rotated, probably because the outer socket was too short or loose.
Reasons for rejection of ICEROSS sockets
Five (5) amputees rejected ICEROSS sockets because of persistent skin rash and one because of increased perspiration. One (1) amputee had difficulty putting it on and discomfort while using it, 1 amputee did not find any prosthesis useful and 2 switched to myoelectric systems. The authors have been unable to get reliable pick up of myoelectric signals through holes cut in silicone sockets, and have abandoned this combination (Table2). 
Discussion
In this population, 10 amputees rejected the use of their ICEROSS (56%). Datta and Valdya (1996) found that skin problems were the cause in 10 out of 15 trans-tibial amputees who rejected ICEROSS systems. Skin problems in another group of trans-tibial amputees improved in weeks or months (Cluitmans et ah, 1994) . In the authors population, 6 out of 10 patients abandoned the ICEROSS prosthesis because of skin problems.
Advice about cleaning the silicone sleeve daily and using lambs wool in the end of the socket to absorb excessive sweating was given routinely. The manufacturers of ICEROSS sleeves suggest that the irritation and blistering which commonly develops at the cut margin is due to mechanical irritation from a sharp edge, and may be alleviated by cutting the sleeve with a trimmer which leaves a smooth curved edge.
It is interesting to find that 5 of 11 trans-radial amputees rejected ICEROSS sockets for skin and sweating problems, compared to one of 8 transhumeral users. The lower rate of rejection in trans-humeral amputees may be that the ICEROSS socket is much better than the alternative suspension at this level, but the advantages over a conventional trans-radial socket may be much less. Choosing to have a myoelectric prosthesis was the reason for rejection of the ICEROSS in 2 amputees. Salam (1994) described the use of the silicone sleeve for upper limb myoelectric prostheses, but the authors have found it technically difficult to integrate ICEROSS suspension with myoelectric contacts. Combining an ICEROSS socket with servo controlled electric prostheses should not be problematic.
Early reports suggested that ICEROSS systems should not be prescribed for patients who are unable to don them independently (Kristinsson, 1993) . This is certainly a major factor, but patients may still prefer to use them despite needing help to put them on and the authors feel that this should not rule out the use of ICEROSS sockets completely. Jones and Davidson (1995) reported that 59% upper limb amputees had phantom pain. In the studied population, 14 patients (78%) had phantom pain of whom 4 reported worsening with ICEROSS and only 1 reported improvement of pain when using this prosthesis. Interestingly, 2 of these 4 amputees are regular users because of their satisfaction with other advantages that ICEROSS provides. Literature describing the use of ICEROSS sockets with lower limb prostheses do not comment on their effect on phantom pain.
Roll-on silicone sockets give good suspension and comfort for trans-humeral and trans-radial prostheses, but are limited primarily by skin rashes. Effective methods of preventing or treating this problem, and development of a device to allow its single handed application, would allow more patients to use this type of socket.
Conclusions
i) The ICEROSS socket provides good suspension for upper limb prostheses;
ii) Skin problems are the main cause for rejection of the ICEROSS socket by upper limb amputees; iii) Most upper limb amputees are able to don ICEROSS prostheses independently; iv) Worsening of phantom pain is not uncommon with upper limb ICEROSS prosthesis users. 
